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Abstract. 

The potential of performing a combined analysis of the strangeness-changing decays > KsTt^Vt and 
for unveiling the A'*(1410) resonance pole parameters is illustrated. Our study is carried out within the framework of 
Chiral Perturbation Theory, including resonances as explicit degrees of freedom. Resummation of final state interactions 
are considered through a dispersive parameterization of the required form factors. A considerable improvement in the 
determination of the pole position with mass — 1304 ± 17 MeV and width = 171 ± 62 MeV is obtained. 

Keywords: Hadronic tau decays. Chiral Lagrangians, Dispersion relations. 


INTRODUCTION 

Hadronic decays of the T lepton provide a clean framework for the study of QCD in its non-perturbative regime. 
Exclusive decays, in which the final state hadrons are known, constitute an ideal scenario for understanding the 
hadronization of QCD currents as well as for determining the physical parameters, such as the mass and the width, of 
the intermediate resonances that drive the decays. In this work, we (re)analyze the experimental measurement of the 
invariant mass distribution of the decay —> KsTt^Vr together with the most recent available spectrum of the K^rj 
decay mode both released by the Belle Collaboration [1, 2]. The former has been studied in detail in Refs. [3, 4, 5], 
improving the determination of the resonance parameters of both the K*{892) and its first radial excitation 7ir*(1410), 
while the later, with a threshold above the K* (892) dominance, has been recently tackled in Ref. [6] obtaining the 
7ir*(1410) properties which appeared to be in accordance with those of the KsTt^ decay channel. In order to deepen 
our knowledge of the /f* (1410) resonance parameters we performed in Ref. [7] a combined analysis of both decays, 
whose summary is the main purpose of the present work. 

In this talk we address the following topics: in section 2, the construction of the participant vector form factor is 
discussed in detail while the scalar form factors are borrowed from Ref. [8], and both enter into the corresponding 
differential decay rate distributions which afterwards will be used to fit the experimental spectra. Our fit results are 
presented and discussed in section 3 where we emphasize the necessity of measuring the interesting ^ 
decay channel for investigating possible isospin violations in the low-energy form factor slope parameters. Section 4 
is devoted to our conclusions. 


FORM FACTORS REPRESENTATIONS 

The theoretical expression for the differential decay rate distribution of the decay is written as 
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are form factors normalised to unity at the origin. The respective formula for the —?■ K t] can be found in Ref. [ 6 ]. 
The main advantage of this parameterization is that the scalar form factor /o(s) corresponds to the 5-wave projection 
of the Kn system whilst the vector form factor f+{s) is the P-wave component. Regarding the global normalization, 

we employ \Vusf^^^ ( 0 )| = 0.2163(5) [9] and Sew = 1-0201 [ 10 ] accounting for the electroweak correction. 

The initial setup of our approach to describe the required vector form factor (VFF) is within the context of resonance 
chiral theory [11] which after imposing the asymptotic falloff as 1/s it reads, for the case of the Kn system, as 
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where K* = K*{%92) and K*' = fir*(1410) are the resonances explicitly considered in our model and 7 is a dimension¬ 
less parameter that weights the relative importance of the second resonance with respect to the first one. Looking at 
Eq.(4) one immediately realizes that this description breaks down at s = when the intermediate resonance(s) are 
on-shell. The most common way to cure this limitation is by taking into account possible rescattering effects of the fi¬ 
nal state hadrons. These unitarity corrections are incorporated by resumming the whole series of self-energy insertions 
in the propagator. Finally the reduced form factor takes the form [4] 
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The scalar one-loop integral function Hkii{s) is defined in Ref.[12] and since the K*^'^ resonances can decay into 


both K^n as well as K n^ channels we have considered appropriate to employ an isospin average form, that is 
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where OKnis) are the phase space functions given by (Jk 7 i{s) = where X{x,y,z) is the so-called Kallen 

function. We want to emphasize here that and 7 „ are nothing but the unphysical "mass" and "width" parameters to 
be differentiated from the physical ones which will be determined later from the pole position in the complex plane. 
Our form factor should satisfy analyticity. A two-meson form factor is an analytic function everywhere in the complex 
plane except for the branch cut starting at the the two-particle production threshold (Kn in our case) where an 
imaginary part is developed. Then, analyticity relates the imaginary and the real part of the form factor through a 
dispersion relation. We will only consider elastic Kn rescatterings and then, following the prescriptions of Ref. [4], 
we will employ in this work a three-times subtracted dispersive representation of the form factor. 
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The form factor written as in Eq. (9) suppresses the less-known high-energy region where the possible inelastic 
effects, starting at the K*n threshold, are already present. The associated error has been estimated and incorporated as 
systematic by varying the cut-off Scut- The two subtraction constants a \2 are related to the slope parameters appearing 
in the low-energy expansion of Eq. (4) 
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Explicitly we have = ai and X'^ = a 2 + (x\. These parameters will be determined from the fit. 
Finally, the phase of the form factor appearing in Eq. (9) is calculated from the relation 
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All we have discussed above was about the Kk VFF. The K^rj VFF is found to be just cos 9 times the VFF, 
where 9 is the Vj — Vj' mixing angle with a value of 9 = —(13.3 ± 1.0)° [13]. 

The required scalar form factors appearing in Eq. (1) were worked out in Ref. [8] through a careful treatment of the 
inelasticities appearing at the thresholds and performing a coupled channel analysis. We borrowed their results 
in this work. 


JOINT FITS TO T -+ KsTT Vr AND t ^ K r\v^ BELLE DATA 

Our fits have been performed by relating the experimental Belle —?■ K^K^Vt: and spectra with Eq. (1) 

from theory through 


chVevents _ dr(T Y {PQ) Vx) IVevents ^ ^ 

dV? r,B(T-^(P(2)-v0 ^ ^ 

where A^events is the total number of events measured for the considered process, E^ is the inverse T lifetime and Ay^Sbin 
is the bin width. —)■ {PQ)^Vx) = Bpg is a normalisation constant that, for a perfect description of the spectrum, 

would equal the corresponding experimental branching fraction. Details on these numbers are accurately discussed in 
Ref. [7]. We have to comment here that unfolding of detector effects has not yet been performed for the —> K^rjVx 

decay. In order to compare the data of both channels on the same footing, we generate a ’pseudounfolding’ function 
from the KsTt^ mode, for which we have both folded and unfolded data, to generate a simulated ’unfolded’ data for 
—)■ K^rjVr. This has been, of course, an assumption, and in order to avoid this approximation in future work it 
would be really interesting to have unfolded/physical data from the experimental collaborations but, of course, we are 
willing to provide our codes to the experimental collaborations upon request. 

Our central joint fit results are displayed in Table. 1, where the pole positions have been determined through the standard 

convention Sp = ^Mpoie — These results correspond to Scui = 4 GeV^ (though the uncertainty associated 

to its largest variation has been added in quadrature to the statistical fit error, see Ref [7] for further details.) and 
Ykk = Ykt] ■ A comparison of our main fit results with the measured Belle distributions is given in Fig. 1. Comments on 
our results are in order: we show a nice agreement with the experimental data (corroborated by the jn.d.f ~ 1.03 we 
have obtained), the Kn mode is visibly dominated by the K* (892) resonance and both decays are vastly dominated by 
the vector form factor contribution. Moreover, on one hand the pole parameters of the K* (892) resonance are basically 
the same than those obtained in Refs. [4, 5] when studying only the Kn mode. This is what one would have expected 
since these parameters are driven by the data of the —?• Ksn^Vx decay. On the other hand, adding the -> K^rjVx 
decay mode into the fit we have sizably improved previous determinations of the mass of the /r*(1410) resonance 
while only a slight improvement in the width has been gained. This can be seen in Fig.2, where the main result of this 
work is shown and compared with previous findings. Regarding the slope parameters, while we have found that the 
Ksn^ ones are in great accordance with previous analogous determinations [4, 5], the K^rj ones show a 2a deviation 
with respect to the Ksn^ ones. This may indicate a possible isospin violation since is the K^n^ system which enters 
in describing the K^rj, but it could also be just a statistical effect. In order to disentangle this fact we encourage the 
experimental collaborations to further investigate the —> K^n^Vr channel and publish the corresponding unfolded 
spectrum. As the required form factor for describing the K —> nlVi decay is related by crossing symmetry to the Kn 
vector form factor of Eq. (9), A73 data would also help on this point. 



TABLE 1. Results corresponding to 
Eq. (3.3) and Eq. (4.1) of Ref. [7]. Pa¬ 
rameters with dimensions are given in 
MeV. 


Parameters 

Central values 
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FIGURE 1. Belle > KsTt^Vi (red solid circles) [1] and > K^r]V-z (green solid squares) [2] measurements as compared 
to our best fit results (solid black and blue lines, respectively) obtained in combined fits to both data sets, as presented in table. 1. 
Empty circles (squares) correspond to data points which have not been included in the analysis. The small scalar contributions have 
been represented by black and blue dashed lines showing that while the former plays a role for the Kk spectrum close to threshold, 
the latter is irrelevant for the Krj distribution. 


CONCLUSIONS 

In this work we have exploited our previous experiences on the and K^rjVx decays in separate 

analyses to perform a joint fit of both channels with the main goal of improving the determination of the pole 
parameters of the (1410). Our central result is a pole mass and width of = 1304± 17 MeV and = 
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FIGURE 2. Our value for the pole parameters, mass (left) and width (right), of the A'*(1410) resonance obtained from a joint 
to both experimental Belle —>■ KsTZ^v-z and —>■ K^r\Vi decays spectra compared with previous determinations from both 
channels separated. 


171 ±62 MeV, respectively. We have employed a three-times subtracted dispersive representation for describing 
the elastic vector form factor which largely dominates both decays. We have found a distinction between the slope 
parameters depending on the Kn channel one is looking at, which may indicate a possible isospin violation. We 
encourage the experimental groups to measure the decay to unveil this fact. From the theory side, a 

coupled channel description for the vector form factor should be done at some point to further improve this study. 
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